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[Mfshbsobb] 

*;U<07b>T*KSM;:#MU »WLft»a*0*77U 
*«tt¥»fttEBi6B. 

C«*B2] BHf-y7±fc#rt*ftfc*»»tt**y 

^Tra«fcx-*s&#xttffi£*m\ *o-*o* 

77 U>f ©T^a&fcXttfli*©*^ 5 U 

ttX ttiH£«ft fc C nic^ < S&^&tiggSffi Li&ttXtt 
?Bi«B»mL»ffoaaEI^6ft!). filthy 7 U 
-nc-r-* Xtt H*IWf *ffo Tt ^ fffltc , 

#JcW77 W Ta&HSBRU LBff XttffiSOB&E 

o*»«tt4MWt*Baa. 

ft5^7U^OH-v--K««ca«4nSj?« ; ey-b;V 
■»LT-r-*a5i*Xtt}B£*ra«f»cfT5Ci:*1$afc 
■TSW^B 1 Xtt 2 teEKO^»«tt*«i(*IB««|lo 

[»*ss] 7u-f***rs^»«tt*aM*^*y-fe 

iga<i-roiijijjg^^nTN a n DW*«uaiLT 
c fc*»afc-r5«*3s i xii 2 tcisKco^s^tt 

Kwo»a»Biw] 

[000 1] 
[0002] 

tr, mM«»g***JffifcLfcEEPRO 

M^^nrt^o fc^trt. **y-fcri/*aanBw 

«aLTNAND-b;l/7n-y**#|jjM--SNANDaE 
EPR OMttS*«fb*'T***»0fc LTitgsnr^ 

[0003] NANDiEEPROMO-OW^^-fe 

y- h iWBi ftfc F E T M 0 S U JgSHB<0 

ffl««l»BM»«**lTNAND-b**«ia'r5o C 
<DJ: 5£N A N D-fe;l/tfv y ^xE5>J2ftT*^ey -fe 



[0 0 0 4] y^ey-tr;U7W^J^l6j»C^N AND 

-fe/i/o-Mfflto f u-r y«i. ^n-rnaiRy- h v ? > 
^x**ftLrey h«fc#a««**v ffiBMv-x 
o s^y- h h v y $>x Lraav-xa 

tfa&y- h h 5 y * <oy- h asc** * * y -tr/i/ 

7U-fOf5f*ifijKttif f tii(!lWy-H» (7- HMD , 
[0005] CONANDSE E PROMOftffrWW) 

©«^*«wrntf . as?**** * y ^/i/oway-- 

hfcttKfflffi (0flxtf2OV) tfftjta^ft. cn<fc!>fcf 
•y MSMtftS^aJiO^^y *;l/©ffl»y- hfttfa 

«y-hh5>^x*<oy-nctt*matt («*ai 

ov) AWinsnSp e<y hgtcti, x-£icJ5DT0 
v "i w r-^k^a^ns) , xt**fSBtt 

20 #asw * y -fe/i^a Lra«* * y k u-r vs 

[0006] W^«?-jrtf**tt ("1" 7 s - 

t^iy-h -»«HicBa»*'a*tK a«*^6»a-y 

ty-feyl/OLt^HittiE^iaic^B-rSo S3it?^t-r 

[0 0 0 7] ^-^ffl^^fi, p^SS (*xA«a 
30 <0»&ttnffiSfiRtfC*lfc:*ia*nfcpS^iM 

^«y-h h-^y-yx^coy-h^o v^^n^o cn 

[0008] x-^u&lo^ ^y-hh^yy 
x^Mi^t'Jtwoe^ haa^pa^^^y 
/b;w*>i:*h, a»^*y-fe*(a!>y-hK:ov*^ 
*p>n5o cowhiiry h»ic»n«asi[*Rtrcfc«c 

40 [0009] CtD<J:94^«0NANDSEEPRPM 

•ctt, aa. ai^afffttfa£i^oaicai&»ae 
y7r-ratt#*ft*hfrt>ti*. 1 6Mtr^y 

hNANDMEEPR P M^&SBttoa*. Its® 

osji^/^x^aR/^y-tr^osjaiy- htcA* 
»aa»/^x»icaa»«B«ffltftft*ffoT . 

[oo ro] ft{*wttt, i9atftj:5teaa»iMW 
tc{±, jiswffi (fljitf2ov> atf*Haffi c«ittf i 
so ov) *<*eait»*D, *n&*^y^rt<osffBB-e* 
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W*Sa*«BI«BL*flFtff5tea6ictt, tfy HBO 

*wpy-naoa«. -tr>*7v 
ft*<*&s-e*D, cn«cB-rs»Htf 2 5 msWo 

[0 0 1 1 ] *LT. &&frXfrX(D*Sffli5ifi2 0 /i s 
lc»£*tU 6laIO/Vl/XT?S5&*tfffte*ifcii'&. * 10 

(2 5 + 20 + 2 5) X6 = 4 2 0/is 
£4£o got, £»ii#BtH©7 1 %0 3 0 0 p s 

nmbuftjca^stu S9<o«*2 9%©! 2 0/*s 

A^ROSji^VUXO^ftRHtftSo 16M 
tfy hNANDSE E P ROM<Dffi£Wt<Dl§&$> J PlZ 

[0 0 12] mzii. fa7ny*SS (7;bf7P7 20 

<>5 i 2/Wh (4Kb i t) *«/Jx*ffitU «*5 
1 2^WhNAND^Dy^OH«p}HS*tfT4DtlS 0 C 

[0013] LfrLtzw^ M£mwM& Lmmzte^ 
*nfcNAND^ny^rtoa»y-h«*a«u * 

©5>^BWJLiOTfcSft*j&^ COMU8RUL 
Mftt* 7>^KHJLWlFfc«tfWP«0. 1 N A 
ND7P7 ^(Oig^nSRU Lift^tca 15ms 40 

[00 14]f£oT. 5 12NAND7n7^4W 
;l^7n y ^-T U-XfcigSW:HSHIB % 5 1 2 N A N D 
7FU*<9n-Ffc:2 00nsx5 1 2, 
fi-ttf. 5*Ttf *c 2 0 0ms. jH5g/5;l/X©BHHBc 3 
m s . JS^SSS^tBLiW^tC 1 5 m s x 5 1 2 T% ^ft 
t»8mskft0, *06 3%©5mstfll&^5&l& 

[0 0 15] COJ:9««a&iMttBRlBUnflFftCffi£ 
WBRHJLIMfcHU NANDgEEPROM«CH&<\ 50 
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Mff)NORlE E P ROMt'fcfffcttT^SiSIR^nr 

NDSE E PR0M<D#4£-f N0R£JE E PROMtC 
[0 0 16] $fc* 8a*«BRfflLB^*sa*^;U 

*»HfcA*S*J^fi, NANDSEEPROMStfN 
ORSE E PROM*<*Sfl{trSfiJ:0iijtaLT^ 

[00 17] 

ANDSE E PROMatfNORSEE PROMt'tt, 

*6*«&3&«**<*»), 3£ISI£LTS&#at/m£<0& 
NANDSEEPROMatfNORiSEEPROM 
[0 0 18] *«W«t. ±E»1»^*LTfc«*lfcfc 

[00 19] 

ttttLW77 WW«:< kfe20"eB*ic-r-*#a 
[0 0 2 0] CCT\ *«Woa*U««01tifcLT 
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(1) 7iH'*2'3ii:#«u ftmLrc&tKDvyyM 
T*H«f(cr-^»a*xtttH3S*ffi\ fro-*©-*? 

(2) r-*W&*XttiH*li* r-*»&ftft*XttiH 

c ntcM < *i&»neRtt LBttxttifi*»B 

*»ii*»ffX«4ffl56«ft*ff oT^*Blc. ffc*<W 

77 w TSi&^neBEU LBfrxttn^fineRffl lb 

(3) --»01f77U-rT««I©7 f --#»a#l&ft*B» 

TMOOx-^Bi&fcBflteBBU 
*S7 L fcfcfc C ft KB <.*&*BBMtB umE«BB 

-^<D1t77U>f"e*©x-^»5i*B 
ff*WBWSCfc. 

(4) *i&»i^xtt»£n^^Br«nntf*]&«iiB 

»ab»ftXtt}B*«KttaiU»f^K:S'r5«rHIJ:0€> 
fi^»g\ -»O*y7U^O»ii*OERtBL»ff<0 

»7«. «»w^7u>ro»a*»ff«K7'r*Hi* 

T«f6. -*W^7U>reO»ji*»ftRtf»75co*^ 
7 U-f <08i&*«BHffi LBttfcBISfcBW'r 3 C fc c 

(5) 9&&mi%m&Lmftxtm£mmmmLmmcm 

ft^B£* -*©*77W©»&#Btt©»7». m 

xw*>, -fi<DV?7wv93iammbLmrflktf 

(6) *&5+>-r7UW©a3S:57-FI«fc:««*n5^ 

ty-t/i/jtLrx-^sii^xttJB^iRi^KfTac 

to 

(7) tHSO-9-y7Wa.7-F»*it*L, a*«*^ 
7 W OH-7 - h^SSfcS ft* * * U -fe/M* LTf 
-*«i*XttiB**ra^K:ff5Ci:o 

(8) jwwtr *w«tt*»»>cti;-fe^tt, * 
»w»*isr«»^Fii»it^*u-b>UT*or, eft* 
mmr>wmm^t\x n a n D-b^a^ur^s 

[002 1] 

fe2t>lc»«U #MLfcfc*tf:/7Wrt0--80* 
* »J *Ar?8Knic*&»ttfMS L < ttffl£ftf|; LX^ 

«&»manii LBftSL < ttffi£tt»ua lb«*b 

«Kf?t\ 7l/-f»«LftCi:KJ:**wy-MI. £ 
Btt*H»fcU **>^7l<WCSSfcff?cf:icj:0, 
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«RBWL»fl*S»fc£fM>S&*, B£ttH«»B 

[002 2] fflAtf. UMeyhNANDSEEPR 
PMO^*y-fe;l/7W*A. B©20fc#fflU 

7WAW7WBt^ »a*»ftaaaa*ai 

2 . 5 |i s . S&HIBBl&LafftP 15/xs ££B£ 
ft£o **x«. ^^y-fe;l/7U-f*2»»JLfcCfcfc:j: 

TO***"***? h«04a3B«*KLfcckK:j:* 0 
[0 0 2 3] ttoT. »ii*/^X©BHMH35^2 0 /i s 

£&ssft. 6 Bo/^i/xr-aa^A'ff t>nft«^ * 

ftfc£**BBtt* 

(12. 5 + 20+] 5) X6 + 1 5^300*1 s 

£2151 2 ST 1 5MS*Jn*.TV*0H;, WWA 
fc*77l^Bfc-C, ffi&#l^fc*]&«M«ettULA 

20 ««»fc*77l/>fASL<«-9-77l/>f B"efif5ft*6 

[0 0 2 4] Sfc, ffi*KBLTfcB«fcKBfl:Sft. 
5 1 2N AND7n>y^£T(DV;l/*7n*y^ U-X 
fcigSftWFPJtt, 5 1 2NAND7KUX£Qn-Bc 2 
0 0 n s x 5 1 2. iB*/Vl/XOi±tf, JWlt 1 0 
0H s. tfi*/^X©«B«lc:3ins, ffi£KBRti!l 
»C5/isx5 1 2-e*»T»5. 76msi:^^«^ 

*Dfc;MBfc:»»ft:*ft*. «oT*aBt*ntf. s 

XOBi&». iB^tfWttfc**. 
30 [0 0 2 5] 

mmmi &CFs *»B0*BW*Bffi«*HLTKW 

J»«tt*«WttB1MEHoyoy*B*B"e6«o Bit 
fc^T, Mill -Mmnl , Mllr — Mmnr li^t'J-b 
;k LAH-LAnl. L Alr~L Anr&-feyX7>73g 
r-*7*y^[B]8, R/Dl ~R/Dm lia^f^ 
BB* WLlI-WLml. WLlr-WLBr(47-FB, A 
RY1 , AR Yr tt**y*/b7U>f *#fflLT&*-» 
40 77Wt65. 

[0 0 2 6] *fWO±Btt. H-*y7±fcJB««ft 
fc^ : E»J-b;l/7U-<*^a<fcfe20fc:»WLr, 
7 A R Y 1 tf«4#»fWfctf 77 WARYrt 
»ii»«BK»L»ft*m\ t77WARYl 
^SSgSEai Li&fW£-*;/7 W A R Y r XW&&® 

[0 0 2 7] BAtf. 7-K»WL21ftW?Sftfc«£ 
^^5o C(0^&. P^rn-^R/Dl -R/Dn 

50 »A//£S6W77WARY1 . ARYr (CliLT7 
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- H3BW L 2 1 k W L 2r k *|3]BJ icBfc-T £ C k $ 
Lx 7-F»WL2]fcWL2rk*^tea&"r*Ckfe 
T*#£o CCm 1*77 WAR Yl rt<07-FBW 
L2Ifc*H77WARYr F*07-F»WL2rk*H# 

[0 0 2 8] S-f. 7-F»WL21kWL2r*a*W"3 
fc»0D£7FUX#Art;£n*o #VT\ S&€f^t 
x-*fcHryX7V7&x-*^^0B£L A 11**6 
«*^-^a-F*tiT^<. ^LT. ^<fc5kLAnl 
STn-FStlSfc* *fc7-F»WL2lJ&<a«*ft* 
;**rU-b;l/M2U -M2nl tCfcfy FSB L 11-B Lnl£ 
^LT^VX7>^7 f -^^^^lElSL All-L Anl 

[0 0 2 91 Kitt^tx-^tt. -bVX7V^x- 
^yxEBLAnncu-F&fc. ?l#R*LAlr*>& 
LAnrS"e, ^-^n-FjbMrt>nTV^ 0 L 
Anr*T?D-F*tl5fc, 7— F«WL2nWBSHrn. 
**U-fe;l/M21r -M2nr (cfcfy FI8B L li — B Lnr£ 
itLX, fc>X7>:/|*x-*7Vx13BLAlr~LA 
nrtcu- F*ftfcr-*tf»a£tt»a&£o 

[0 03 0] -*77WARYr ©7— FBWL2rfc|lfl 

1 <D7-F«WL21fcWLT. KMrttffiHHiLBfW 
fiffrftSo C<D»4#«RRWLttfft** 7-FBWL 
21ICIBLT. -««H(0»3i*/Vl/XBlliPafcfT*3n, 

[0 0 3 1] C0«£fcfck FMc»tt&ft 

fc tr y f y 7 r << maafim ^ &*u s&s&^&n 

*^yxEBfCl*. SglM^fi^Si^f-^^ 

«jW^rnSo se^r. try F»^u77>nEiB*ffl^ 

IIS#^^S^:^ ; ey-tr;Wc^-r5-tr>X7V 

stiski^js^ a*<oRmLBffii:tta4«*^ t 

[0 0 3 2] BP^. 7-F«WL21fclBbT, -ffiPMB 

#£^y F&BLH-BLnltf^fc 
l^n^o *fcStf7-FttWL2I*ta«*ftS 0 L*P 

u c©«faR«nfc7-F«fcWJD*h««fftt»a 

#»kRfflU*fcttS4*o ^UT, **y-fe;I/M2H 
-MZnl Or-*tfl£y MSB L U~B LnlfcRttiS 
IU ■feyX7>^lf-*?'yfBBK fttftnctKR 

yWr-* "7 v ^-BB L A 1 1- L A nl £«ia£n£o 
[0033] lX±<Dcfc9^grf^^77U^ARYl A 
07-F*WL21t*77WARYr rt©7-K«W 
L2rfcfcBLT2Sfc«DfiWTt>n*. fiP^. 7-F 
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«WL2rlCR|LTBii*ttff* < fTbtlTV^Hte % 7- 
F»WL2Il£RILT»5i*«BHBLI!lff*'fftotU * 
«D*tc 7- FfiW L 21 teigS LTSii#»f£jW7fcnT ^ 
£Pe81;:, 7-F«WL2rteBLT«&*«BRWUftft 

Wbnso ^ut, a^shfc-^ty ^^211 -m 

2nl StfM21r -M2nr 03^. «i&#WfTfc>n*** 

[0 0 3 4] C(D8f*H2ICSt. H2 (a) li, § 

ARYl vmmv?-*9&&9fc1twmu 
i&#Bft#»7 Lfc«£ C n££! < S&^flffiBUi L A 
ff*BB»-rSkW»fc, WU^ARYr TfittOx 
-#*a*»ff«BB*6'rs, ^LT. It 77 WARY 

staasaLftflF*BB»'r*kH»fc, wwary 
i T^ox-^aaaBttSBifrrao *77 

W A R Y 1 . A R Y r T*g&#Iitt k S^aeRU 

20 L»ftk©^-f ^yy*^^teait4oT0^ o 

[0 0 3 5] mz (b) (i, B&#IWfti:H-r*«Bk 
»&#MBRfflL»ftfc»f-3BSBktfBfci (#J* 

-9-77 WARY! T*(i, «a#«BRfflL»fW 

gyttWTWARYr ©»a*ftff3b«7'r5 
ARYr r't>mmv&z>o 

[0036] c(D£?ic?titf, ms^mmuLtm 

30 ^ WWARYl , ARYr tfHJSfctf&fcKrf* 
k4*Cfctf&^o »3&*»ft7?tt7-F«fl!)Sffi* ? i& 
gk^cO, S*<D7-F3BTIni«K:»E!b^Bfti:k« 

SEiEiBofiaajcoawsAV 02 (b) djratc-r 
[0037] *a*«ifWFP*©^«v^a'&ti, ^2 

(b) ktiiSfC. -^©»5i*ftff^«7bTfe«t&© 

•aa«BRUL»ffA , »7'r«*t?. s^bbru 

EE@BOfla*«itAT^BBkft6ft^»&u:a:, 0 2 

40 (c) fciR-f jz-5Kfs%«n*a<LT, x-^sa^ 

[0 0 3 8] ^C. -9-y7UYARYl tfJH*»ft*K: 
WWARYr ^H^5SBRtBLi!?^tT9^tC 

iMcBfil 0 (n-sub) Affile. WWARYl , 
ARYrfflOpS^l l, 12 (cell p-welll, eel 
1 p-wellr) k. ^^'JWtmou^f^-^ -fe> 
X7>yBr"-*5^^®BftffJBfflllBfflOpSa«>x 
50 ;H4 (BiDp-iell) *W/**tiT^*«6«cot^TK 
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T*«ja-rSfc«6<0nS^x^l 5 (n-well) *RttT*» [0 0 4 4] O±(0J: 5 J8:JB*ftffat/}B*l«KHUi L 

<^\> BftftV^U-fAR Yl rt^AR Yr rtfc-C£5fc« 

[0 0 3 9] $fc, H4t4pS*aH*S«*ffll^c«# DSLtrbtt, aRSnfc^ty-fe^Mlll -M(n-2)n 

cOWffi^T'S^c pS*«M*B«2 0 (p-sub) gffi I tMMr ~M(n-2)nr ©L*lHl»Etf£T§«toffl[ 

«C. 1r77WARYl , AR Yr ffl©n§^x;l>2 ttTK4ofc»t. £f*©}B*IMW*7y3o 

1.2 2 (cell n-wellh cell n-well r) t. ^tl-ftl [0 0 4 5] C(DJ; 5 Jftfcf* **y-fe;l/ 

<DnS>>x;l/rtfcpS!»>x;U2 3. 24 (cell p-well 7 U-f* 2~D<D*f77 l"f A R Y 1 £ A R Yr 

1. cell p-wellr) ^*U-b;UfiWOa*-rn- U —?5<DV77 U^aRWfcSi&MBftSL < ttffi 

#\ -tvx7>y^x-^^^^®aso r ^jai5iKSffl(o io iBffLT^pjfc, flwo*r7u^-ca«ttfc»a 

P s^x;i/2 5 wap-ieii) *<»di*nr^s«^fc: ttmmtmiffiL<&m%mmaLmr}F*fmic. 

-O^TWlWtZo $fc. HiB@B*CMOS7?«ldW5 1ro"tV£ 0 ^LT. 7 W#»JLfcCfcfc<fc*SWy 

fc^On^x;^ 6 (n-well) *»»r«»J:v\ -MS. b»<D&a&Xf&timilL'P£, »3i*»f¥ 

[0 0 4 0] c©£5 4pS¥£#S«<D*&£> ffi£lh ^t<«rS^iftf^i:S^«lgiEWLiOTSL<«f^ 

ff»«CpS*aM*S«2-0ttB«flEfc:46-fu:, ttBRfflLBh^*HWMc. **77l^"C£5fcfi3 c 

[0 0 4 1] CCTti. WWARYl rt<D9— F [0 0 4 6]o£tK »a#«BMfflL»ft J f>»&#/< 

SlWL(ni-l)li:WLDl^<0WLll-WL(m-2)l^. If Jl/XODLhtf. 4T»f, JEtt«RRffiL»fW}fi5S>W 
^TWfiAR Yr rt©7- F»WL(n-OrfcWLmrW 20 XOA±lf, fiT*f**aft*^ CtllC*DiSa»a 

^OWLlr-WLCr-2)rfcfcBLr^a^^fl|*»ft^ »afcS*^**c'fc#-e**. Sfc. *5WHC 

Yl <0}BS«ff^5»*0. nS¥£#S«l 0£-*7 c« WP^It3 C fctfif*, SSF (V'JyFX 

7U-TAR Yl ffl^pSa^x/Ul 1 fitfiB56«rt>4^ x-F7 7^;W LT©«I*+#fc*fc*£ttTtt 

**y-fe/I/<07-FII* W6WL(i-l)lfcWLml^aG« 4<. HjaM<0rX h«PJ*<*"IWc»JH*n, 3Xh<0 

a«"7-F«WLll-WL(iB-2)W»«l* fiTlCOft#3 0 

*U ^ty-fe^MHI -M(a-2)nl )WB*«tU ^ne> (HSS0O2) *lc, *^W*N A N DSE E P R OMlC 

[004 2] C<DHtt. *77l/-fARYr Ttt, rHS B 1 fcBtt?S*tf* ^BlWlTtt^ty-b^TUY* 
.»ft*«-rfc«fflLftf^»f7*>nTl^TfeJ:t^ 1*77 30 N AND-fe/VTWrtLTV^o 

WARY1 rt©»5Hftft*M&3:D. «*ft£l$IBUI» [0 0 4 7] H5-H7«. It 77 U^f A R Yl rt©N 

SL" -y-77b*ARYl .rtT*ttffiS«BMfflb»ft*MT ANDSS^^»;-fe/l/7U>roU-<7r>FHT\ B8H3 

*>ft£o ^F»BLll~BLnltf-^«*M£ 1 0(i*9-77U^ARYr rt©N ANDS**y-fe;l/7 

ft. W**fTt>fc^*U-fe^/<D7— FlRWLlrA^WL WOW7^HT*5o &1t77 b^cD^-ty -tr 

(q~2)12:T\ JB^ffi*«B8imL»ff*«?)aLffton yHi. ^^g^tclfeliJl^LTr?^-hi:» 

3o CW77^ARY1 rt<OlH*«BRffiL!W£fc ^- F»WI*hfcF E TMO S«3B*WU 8ffi<D* 

fT*>ft£o IP*. nS¥£#S«l 0£-*77U^AR rS*"eit5>J»K«nTNAND-b/I/*l|j*rS 0 CCD 

Yr /8<DpS*>x;l/l 2Ktfft££fTt>&<rV**yHr^ <fc-54N AND-bW7 F y ^XgH^J^tlT^^U -Ir;!/ 
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(54) [Title of the Invention] 



NONVOLATILE SEMICONDUCTOR STORAGE 
(57) [Abstract] 
[Purpose] 

To provide an EEPROM which accelerates a write confirmation read operation or a rise, fall of 
write pulses and an erasure confirmation read operation or a rise, fall of erasure pulses and enables 
high speed write and high speed erasure. 

[Construction] 

An EEPROM using electrically rewritable nonvolatile memory cells is characterized by the fact that 
a nonvolatile memory cell array formed on same chip is divided into two subarrays, 
data write to memory cells connected to same word line is simultaneously performed by the divided 
respective subarrays ARY1, ARYr and the data write operation is performed by one subarray while 
the write confirmation read operation is performed by the other subarray. 

(Figure, pi , lower right) 
[Claims] 

[Claim 1] 

A nonvolatile semiconductor storage, which is characterized by the fact that 

a nonvolatile memory cell array formed on same chip is divided into plural subarrays, 

the data write or erasure simultaneously is made by at least two of the divided plural subarrays, and 

the timing of data write or erasure of any subarray is shifted from the timing of data write or erasure 

of another subarray. 

[Claim 2] 

A nonvolatile semiconductor storage, which is characterized by the fact that 

a nonvolatile memory cell array formed on same chip is divided into two subarrays, 

the data write or erasure is simultaneously made by the divided respective subarrays, and 

the timing of data write or erasure of one subarray is shifted from the timing of data write or erasure 

of the other subarray. 

[Claim 3] 

A nonvolatile semiconductor storage according to Claim 1 or 2, which is characterized by the fact 
that 

the data write or erasure comprises plural times of data write operations or erasure operations and 
write confirmation read operations or erasure confirmation read operations succeeded thereby, and 
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the data write operations or erasure operations are performed in one subarray while the write 
confirmation read operations or erasure confirmation read operations are performed in the other 
subarray. 

[Claim 4] 

A nonvolatile semiconductor storage according to Claim 1 or 2, which is characterized by the fact 
that 

the plural subanrays share a word line, and 

the data write or erasure is simultaneously made for memory cells connected to same word line of 
the different subarrays. 

[Claim 5] 

A nonvolatile semiconductor storage according to Claim 1 or 2, which is characterized by the fact 
that 

the nonvolatile semiconductor memory cells constructing the array are electrically rewritable non- 
volatile memory cells and are connected in series plural by plural to construct an NAND cell. 

[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] 

This invention relates to an electrically rewritable non-volatile semiconductor storage, and 
particularly relates to an array divided non-volatile semiconductor storage. 

[0002] 

[Prior Art] 

EEPROMs capable of electric rewrite have been known as electrically rewritable non-volatile 
semiconductor devices before. An NAND-type EEPROM in which plural memory cells are 
connected in series to construct an NAND cell block has been noticed as one capable of high 
integration among the EEPROMs. 

[0003] 

One memory cell of the NAND-type EEPROM has an FETMOS structure in which a float gate and 
a control gate are laminated on a semiconductor substrate via an insulating film, and plural memory 
cells are connected in series in the form of sharing sources and drains by adjoining the cells to each 
other to construct an NAND cell. Such NAND cells are matrix arrayed to construct a memory cell 
array. 
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[0004] 



The drains on one end of the NAND cell lining up in the column direction of the memory cell array 
are connected in common to a bit line via selection gate transistors, respectively, and the sources on 
the other end of the NAND cells are connected to a common source line via selection gate 
transistors likewise. The control gates of memory transistors and the gate electrodes of selection 
gate transistors are connected in common as control gate lines (word lines) and selection gate lines 
in the row direction of the memory cell array, respectively. 

[0005] 

Operations of this NAND-type EEPROM are as follows. Data write is performed in order from 
memory cells far off bit lines. If a case that the transistors have n channels is illustrated, a high 
potential V pp (e. g., 20 V) is applied to the control gates of selected memory cells, and an inter- 
mediate potential (e. g., 10 V) is applied to the control gates of non-selection memory cells and 
gates of selection gate transistors on the bit line side. 0 V (e. g., defined as "1" data) or an 
intermediate potential (e. g., defined as "0" data) is applied to the bit lines in accordance with the 
data. At this time, the potential of bit lines is transmitted to the drains of selected memory cells via 
the selection gate transistors and non-selection memory cells. 

[0006] 

When data to be written exist (at the time of "1" data), a high voltage is applied between the 
gates and drains of the selection memory cells or between the gates and substrate, and electrons are 
tunnel injected from the substrate to the float gates. Thereby, the threshold value of the memory 
cells shifts in the positive direction. When data to be written do not exist (at the time of "0" data), 
the threshold value does not change. 

[0007] 

At the time of data erasure, a high potential is applied to a p-type substrate (an n-type substrate and 
a p-type well formed therewith in the case of a well structure), and all the control gates and selection 
gate transistors are taken as 0 V. Thereby, electrons of the float gates are released to the substrate in 
all the memory cells, and the threshold value shifts in the negative direction. 

[0008] 

At the time of reading data, non-selection memory cells on the more bit line side than the selection 
gate transistors and the selection memory cells are turned ON, and 0 V is given to the gates of the 
selection memory cells. At this time, a discrimination of data "0", "1" is made by reading a current 
flowing in the bit lines. 

[0009] 

In such a conventional NAND-type EEPROM, usually, a write confirmation read operation and an 
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erasure confirmation read operation, i. e., so-called verification operations are performed after the 
write operation and erasure operation, respectively. For example, in the case of write operation of a 
1 6 M-bit NAND-type EEPROM, plural times of write pulse are input into the control gates of the 
selection memory cells, and the write confirmation read operation is performed for each write pulse. 

[0010] 

More specifically, a high potential (e. g., 20 V) and an intermediate potential (e. g., 10 V) are 
necessary for the write operation as described above, the potentials are generated by a booster 
circuit in a chip, but 25 (is is taken for the rise and fall of pulses of the high potential and 
intermediate potential. Moreover, the threshold voltage of the selection memory cells shifts in the 
positive direction in the write operation, but starting from a preliminary charge of the bit lines, the 
selection of control gates, sense amplifier operation, a series of read operations equivalent to 
random read operation are necessary to perform the write confirmation read operation, i. e., a 
discrimination of whether the threshold voltage comes into a target voltage region, and a time of 25 
jis is taken for these operations.. 

[0011] 

Then, the time width of the write pulse is set to 20 jis, when the write is made by 6 times of pulse, a 
time necessary for the write becomes 

(25+20 + 25)x6 = 420>is 

Accordingly, 300 \is being 71% of the total write is spent in the rise, fall of the high potential and 
intermediate potential and the write confirmation read operation, and the residual 120 ps being only 
29% becomes the total time of actual write pulse. In the case of erasure operation of the 16 M-bit 
NAND-type EEPROM* most of time is spent in the generation of erasure pulse and the write 
confirmation read operation. 

[0012] 

For example, at the time of multiblock erasure, 1 block, i. e., 1 NAND block of 512 bytes (4 K-bit) 
is taken as the smallest unit, and a simultaneous erasure of maximum 512 byte NAND blocks can 
be made. This erasure confirmation read operation is performed in a shorter time than the write 
confirmation read operation in relation to the discrimination of whether the threshold voltage comes 
into a target negative voltage region because the threshold voltage of the selection memory cells 
after the erasure shifts to the negative direction. This is because the memory cell current becomes 
greater in the discrimination of whether the threshold voltage after the erasure becomes 0 V or 
below than in the discrimination of whether the threshold voltage after the write comes into a range 
of, e. g., 0.5 V to 3 V and the bit lines precharged that much can be discharged at a high speed. 

[0013] 

However, the precharging of bit lines is also necessary at the beginning in the erasure confirmation 
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read operation, subsequently the control gate lines in the erased NAND blocks are selected to 
operate the sense amplifiers. This operation is different from the common random read operation in 
that all the control gate lines are selected in the erased NAND blocks, but this erasure confirmation 
read operation is equivalent to the common random read operation, and about 15 us is spent in the 
erasure confirmation read operation of 1 NAND block. 

[0014] 

Accordingly, times necessary for the multiblock erasure of all the 512 NAND blocks are 200 ns x 
512 for the load of 512 NAND addresses, 200 ^is in the rise, fall of erasure pulses, 3 ms in the time 
width of erasure pulses and 15 ixs x 512 in the erasure confirmation read operation, and they become 
about 8 ms in total, and 5 ms being its 63% is spent in the erasure confirmation read operation other 
than actual erasure operation. 

[0015] 

Such write confirmation read operation and erasure confirmation read operation are not limited to 
the NAND-type EEPROM, and they are also essential operation modes performed in the 
conventional NOR-type EEPROM. Then, the proportion of the write confirmation read operation 
and the rise, fall of write pulses occupied in the total write time and the proportion of the erasure 
confirmation read operation and the rise, fall of erasure pulses occupied in the total erasure time are 
very large, thereby, the extension of the write time and erasure time becomes a problem not only in 
the NAND-type EEPROM but also the NOR-type EEPROM. 

[0016] 

The larger the capacity of the NAND-type EEPROM and the NOR-type EEPROM, the more the 
proportion of the write confirmation read operation and the rise, fall of write pulses occupied in the 
total write time and the proportion of the erasure confirmation read operation and the rise, fall of 
erasure pulses occupied in the total erasure time will increase. This is because the charge/discharge 
time of the control gates and bit lines prolongs and the write confirmation read and the erasure 
confirmation read slow down due to increases of the wire resistance and capacity of the control gate 
lines, the wire resistance and capacity of the bit lines and the capacity of well of memory cells as 
the NAND-type EEPROM and the NOR-type EEPROM become large-capacity. Moreover, this is 
because the times of rise, fall of write pulses and erasure pulses increase due to an increase of 
capacities of the control gate lines, bit lines and well of memory cells. 

[0017] 

[Problems overcome by the Invention] 

As described above, in the conventional NAND-type EEPROM and the NOR-type EEPROM, the 
proportion of a time necessary for the write confir-mation read operation (or the erasure 
confirmation read operation) and the rise, fall of write pulses (or erasure pulses) occupied in the 
total write time (or the total erasure time) increases, consequently there was a problem of impairing 
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the high-speed property of the write and erasure. The larger the capacity of the NAND-type 
EEPROM and the NOR-type EEPROM, the more remarkable this problem would be. 

[0018] 

This invention was made by considering the above circumstance, and its purpose consists in 
providing a nonvolatile semiconductor storage which accelerates a write confirmation read 
operation or a rise, fall of write pulses and an erasure confirmation read operation or a rise, fall of 
erasure pulses and enables high speed write and high speed erasure. 

[0019] 

[Problem resolution means] 

To solve the above subject, a construction as follows is adopted in this invention. Namely, this 
invention is characterized by the fact that a nonvolatile memory cell array formed on same chip is 
divided into plural subarrays, the data write or erasure is simultaneously performed by at least two 
of the divided plural subarrays, and the timing of data write or erasure of any subarray is shifted 
from the timing of data write or erasure of another subarray 
in a nonvolatile semiconductor storage using rewritable nonvolatile memory cells. 

[0020] 

Here, the following embodiment forms are given as desirable ones of this invention. 

(1 ) An array is divided into two subarrays, the data write or erasure is simultaneously made in the 
divided respective subarrays, and the timing of data write or erasure of one subarray is shifted from 
the timing of data write or erasure of the other subarray. 

(2) The data write or erasure comprises plural times of data write operations or erasure operations 
and successively the write confirmation read operations or erasure confirmation read operations, and 
the data write operations or erasure operations are performed in one subarray while the write 
confirmation read operations or erasure confirmation read operations are performed in the other 
subarray. 

(3) The first data write operation is started and successively the write confirmation read operation is 
started after the data write operation by one subarray, simultaneously, the first data write operation 
is started and successively the write confirmation read operation is started after the data write 
operation is ended by the other subarray and, simultaneously, the next data write operation is started 
by the one subarray. 

(4) When a time taken for the write operation or the erasure operation is longer than a time taken 
for the write confirmation read operation or the erasure confirmation read operation, after the end of 
the write confirmation read operation of one subarray, the subarray waits until the write operation of 
the other subarray is ended, then the write operation of the one subarray and the write confirmation 
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read operation of the other subarray are simultaneously started. 

(5) When a time taken for the write confirmation read operation or the erasure confirmation read 
operation is longer than a time taken for the write operation or the erasure operation, after the end of 
the write operation of one subarray, the subarray waits until the write confirmation read operation of 
the other subarray is ended, then the write confirmation read operation of one subarray and the write 
operation of the other subarray are simultaneously started. 

(6) The data write or erasure is simultaneously made for memory cells connected' to different word 
lines of different subarrays. 

(7) The data write or erasure is simultaneously made for memory cells connected to the same word 
line shared by plural different subarrays. 

(8) The nonvolatile semiconductor memory cells forming an array are electrically rewritable non- 
volatile memory cells, and they are connected in series plural by plural to construct an NAND cell. 

[0021] 

[Functions] 

According to this invention, the total write and erasure time, including the time of confirmation read 
operations, can be shortened by dividing a memory cell array into at least two subarrays, 
simultaneously making the write operation or the erasure operation selectively by a part of memory 
cells in some divided subarray while making the write confirmation read operation or the erasure 
confirmation read operation selectively by a part of memory cells in another subarray, reducing the 
capacity and resistance of control gate lines and bit lines based on array division and simultaneously 
making the write operation or the erasure operation and the write confirmation read operation or the 
erasure confirmation read operation alternately by the subarrays. 

[0022] 

For example, when a memory cell array of the 1 6 M-bit NAND-type EEPROM is divided into two 
subarrays A, B and the write confirmation read operation or the erasure confirmation read operation 
are performed simultaneously and alternately, the rise and fall of pulses of high potential and 
intermediate potential for write is shortened to 12.5 ^s and the write confirmation read opera-tion is 
shortened to 1 5 ^s. This is due to the fact that both the resistance and capacity of control gates and 
the number of bit lines to be precharged are halved by dividing the memory cell array into two 
subarrays. 

[0023] 

When the time width of write pulse is set to 20 \is and the write is made by 6 times of pulse, the 
time necessary for the write becomes 
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(12.5 + 20 + 15) x 6 + 15 = 300 us 



and it is sharply shortened than before. Moreover, the addition of 15 |is in the second term of above 
expression is to deviate phases of the write operation and the write confirmation read operation by 
the subarray A and subarray B and finally perform the sixth write confirmation read operation by 
the subarray A or subarray B. 

[0024] 

The erasure is similarly accelerated, the time necessary for multiblock erasure of all 5 1 2 NAND 
blocks is 200 ns x 512 for the load of 512 NAND addresses, 10 jis for the rise, fall of erasure pulses, 
3 ms for time width of erasure pulses, 5 us x 5 12 for the erasure confirmation read operation and 
becomes about 5.76 ms in total, and the time is sharply shortened than before. 

[0025] 

[Embodiments] 

Embodiments of this invention will be illustrated by reference to drawings below. 

(Embodiment 1) Fig. 1 is a block diagram of a nonvolatile semiconductor storage with respect to 

Embodiment 1 of this invention. In Fig. l»Mni-Mmni, Mi i r - M,™, are memory cells, LAn-LA„i» 
LAi r - LAnrare sense amplifier and data latch circuits, R/Dj - R/D m are row decoders, WLn - WLmi, 
WLj r - WLmr are word lines, and ARY1 - ARYr are subarrays made by dividing a memory cell 
array. 

[0026] 

The purport of this invention consists in that a nonvolatile memory cell array formed on same chip 
is divided into at least two subarrays, the write confirmation read operation is performed by the 
subarray ARYr while the write operation is performed by the subarray ARY1, and the write 
operation is performed by the subarray ARYr while the write confirmation read operation is per- 
formed by the subarray ARY1. 

[0027] 

For example, a case of selecting a word line L21 is considered. In this case, word lines WL21 and 
WL2r can be simultaneously selected or can be independently selected with respect to the left and 
right subarrays ARY1 and ARYr sandwiched by row decoders R/D] - R/D m according to input 
addresses and control circuits. Here, a case that the word line WL21 in the subarray ARY1 and the 
word line WL2r in the subarray ARYr are simultaneously selected will be illustrated. 

[0028] 

First, row addresses for selecting the word lines WL21 and WL2r are input Next, data to be written 
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are page loaded sequentially from the LA n into the sense amplifier and data latch circuits. Then, if 
the data are exactly loaded until LA n! , the word line WL 2 i is selected, and the data loaded in the 
sense amplifier and data latch circuits LAu - LA n i via bit lines BLn - BL„i are started to be written 
into the memory cells M211 - M21,!. 

[0029] 

The data to be loaded are also loaded into the sense amplifier and data latch circuit LA n i and 
successively page loaded from LAi r to LA,*. Then, if the data are loaded until LA n j, the word line 
WL2r is selected, and the data loaded in the sense amplifier and data latch circuits LAu - LA W via 
the bit lines BLn - BLni are started to be written into the memory cells M2i r - Mb™. 

[0030] 

The write confirmation read operation with respect to the word line WL21 of the subarray ARY1 is 
carried out in time-parallel to the write operation with respect to the word line WL2 r . This write 
confirmation read operation with respect to the word line WL21 is performed after applying a 
prescribed time of write pulse, and whether the threshold voltage of written memory cells reaches a 
target value is determined. 

[0031] 

In this determination, a verification circuit is used for each bit provided in respective bit lines, and 
the data are housed in the sense amplifier and data latch circuits of bit lines connected to memory 
cells needed to be rewritten. Accordingly, the operation is different from the common read 
operation in that a verification circuit is used for each bit and corresponding data are housed in the 
sense amplifier and data latch circuits with respect to memory cells needed to be rewritten, but other 
operations are all the same as the common read operation. 

[0032] 

Namely, after a prescribed time of write pulses with respect to the word line WL 2 i is applied, the 
word line WL 2 i temporarily becomes a non-selection state, and then the bit lines BLn - BL^ are 
precharged. Next, the word line WL21 is selected again. However, a voltage applied to the word line 
selected at this time is different from those in the write and read. Then, the data of memory cells 
M21] - M2ni are read in the bit lines BLn - BL^, determined by the sense amplifier and data latch 
circuits and a verification circuit connected to for each bit and then housed in the sense amplifier 
and data latch circuits LAu - LAni with respect to bits needed to be rewritten. 

[0033] 

The operations as described above are alternately repeated with respect to the word line WL21 in the 
subarray ARYI and the word line \VL2r in the subarray ARYr. Namely, the write confirmation read 
operation is performed with respect to the word line WL 2 i while the write operation is performed 
with respect to the word line WL2r> next the write confirmation read operation is per formed with 
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respect to the word line WL 2r while the write operation is performed with respect to the word line 
WL 2 i. Then, when the threshold voltage of all memory cells performing the write in the selected 
memory cells M 2 n - M 2n j and M 2 i r - reaches a target value, the whole write operation is ended. 
[0034] 

This state is shown in Fig. 2. Fig. 2(a) is a case wherein the time taken in the write operation and the 
time taken in the write confirmation read operation (verification) are equal, the first data write 
operation is started by the subarray ARY1 and successively the write confirmation read operation is 
started after the data write operation is ended, simultaneously, the first data write operation is started 
by the subarray ARYr. Then, the write confirmation read operation is started by the subarray ARYr 
after the data write operation is ended, simultaneously, the next data write operation is started by the 
subarray ARY1. Namely, timings of the write operation and the write confirmation read operation 
are completely reversed by the subarray ARYl and the subarray ARYr. 

[0035] 

Fig. 2(b) is a case wherein the time taken in the write operation and the time taken in the write 
confirmation read operation are different (e. g., long write operation time). In this case, the subarray 
ARYl waits to start the next write operation until the write operation of the subarray ARYr is ended 
even if the write confirmation read operation is ended. This is the same with the subarray ARYr. 

[0036] 

If so, the waiting time from the write confirmation read operation to the next write operation is in 
vain, but the subarray ARYl and the subarray ARYr do not perform the write operation 
simultaneously. The boosting becomes necessary in the write operation and the necessity of 
simultaneous boosting in the both word lines connects with a load increase of the boosting circuit, 
but this problem can be avoided if do as Fig. 2(b). 

[0037] 

In the case of short write operation time, in contrast with Fig. 2(b), the subaaray had better wait to 
start the write confirmation read operation until one write confirmation read operation is ended even 
if the other write operation is ended. When this does not become a problem even if the 
load of boosting circuit increases, as shown in Fig. 2(c), the waiting time is eliminated and the data 
writing can be further accelerated. 

[0038] 

Next, a case wherein the subarray ARYr performs the write confirmation read operation in the 
erasure operation of the subarray ARYl will be illustrated. Fig. 3 is an arrowed A-A' sectional view 
of the nonvolatile semiconductor storage shown in Fig. 1 . For example, a case wherein p-type wells 

11,12 (cell p-welip, cell p-well r ) for subarray ARYl, subarray ARYr, p-type wells 14 (peri-pheral 
p-well) for row decoders, sense amplifier and data latch circuits other than memory cells are formed 
on the surface of an n-type semiconductor substrate 1 0 (n-sub) will be illustrated. n-Type wells 26 
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(n-wells) for constructing a peripheral circuit with CMOS may be provided in the peri-pheral p- 
wells 14. 

[0039] 

Fig. 4 is a sectional view in case of using a p-type semiconductor substrate. A case wherein p-wells 

21 , 22 (cell n-welli, cell n-well r ), p-wells 23, 24 (cell p-welli, p-well r ) in respective n-type wells, p- 
type well 25 (peripheral p-well) for row decoders, sense amplifier and data latch circuits except for 
memory cells are formed on the surface of a p-type semiconductor substrate 20 (p-sub) will be 
illustrated. n-Type wells 26 (n-wells) for constructing a peripheral circuit with CMOS may be 
provided in the peripheral p-wells 25. 

[0040] 

In the case of such a p-type semiconductor substrate, the n-type well 21 or 22 and the p-type well 23 
or 24 between the subarrays are made to high- voltage in performing the write operation without 
making the p-type semiconductor substrate 20 to a high voltage in the erasure operation. 
[004 1 ] Here, a case wherein a block erasure operation with respect to word lines WLn - WL^ji 
other than WL< m _, )} and WLmj in the subarray ARY1 and word lines WL )r - WL (m - 2) r other than 
WL(m-i)r and WLmr in the subarray ARY1 will be considered. In this case, the operation is started 
from the erasure operation of the subarray ARY1, then the semiconductor substrate 10, the p-well 1 1 
for the ARY1 and the word lines of memory cells performing the erasure, namely, WLn - WL( m -2)i 
are made to a high voltage, the selection word line WL ir - WL (m . 2)r are earthed, die memory cells 
Mm - M (m .i)ni are erased and their threshold voltages are shifted in the negative direction. 

[0042] 

Meanwhile, the read operation may also be performed by subarray ARYr without making the 
erasure operation. The erasure operation in die subarray ARY1 is started, after a lapse of some 
prescribed time, the erasure confirmation read operation is performed in the subarray ARY1 . 
Namely, the bit lines BLn and BLni are precharged, and the erasure confirmation read operation is 
sequentially repeated from the word line WLi r to WL< m . 2)r of the memory cells performing the 
erasure. The erasure operation is performed in the subarray ARYr in time-parallel to this erasure 
confirmation read operation in the subarray ARY1. Namely, WL (m _i)r and WL™ are made to a high 
voltage, the selection word line WL Ir - WL (m _ 2)r are earthed, the memory cells M n i - M^ni are 
earthed, the memory cells (wrong word "subarrays" in original specification) Mn r - M< m . 2)n are 
erased and their threshold voltages are shifted in the negative direction. 

[0043] 

If the erasure is confirmed to be insufficient by the erasure confirmation read operation in the 
subarray ARY1, after the erasure operation in the subarray ARYr, the erasure in the subarray ARY1 
is started again. In this case, the erasure operation can be performed only for the word lines of 
memory cells with insufficient erasure. The erasure confirmation read operation is performed in the 
subarray ARYr in time-parallel thereto. 
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[0044] 



The erasure operation and the erasure confirmation read operation as described above are alternately 
repeated in the subarray ARY1 and the subarray ARYr, when all the threshold voltages of the 
selected memory cells Mm - M( m _2)ni and M\\ T - M(m-2)n become lower than a target value, the whole 
erasure operation is ended. 

[0045] 

Thus, according to this embodiment, the memory cell is divided into two subarrays ARY1 and the 
subarray ARYr, the write confirmation read operation or the erasure confirmation read operation is 
performed simultaneously and selectively by one subarray while the write opera-tion or the erasure 
operation is performed by the other subarray. Then, the total write and erasure time, including the 
time of confirmation read operations, can be shortened by reducing the capacity and resistance of 
the control gate lines and bit lines based on the array division and performing the write operation or 
erasure operation and the write confirmation read operation or the erasure confirmation read 
operation simultaneously and alternately by the subarrays. 

[0046] 

That is, this invention enables to accelerate the write confirmation read operation and the rise, fall of 
write pulses and the erasure confirmation read operation and the rise, fall of erasure pulses and 
thereby realize high speed write and high speed erasure. Moreover, this invention enables to 
perform the rewrite of data (erasure and then write) in a short time, it not only fully plays a role as 
SSF (solid state file), but also sharply reduces the test time before shipment and connects with cost 
down. 

(Embodiment 2) 

Subsequently, an embodiment of applying this invention to an NAND-type EEPROM will be 
illustrated. The basic construction is same as the above Fig. 1 , but memory cells are constructed by 
NAND cells in this embodiment. 

[0047] Fig. 5 - Fig. 7 are layout diagrams of the NAND-type memory cells in a subarray ARY1, 
and Fig. 8 - Fig. 10 are layout diagrams of the NAND-type memory cells in a subarray ARYr. The 
memory cells in the subarrays have an FETMOS structure in which float gates and control gates are 
laminated on a semiconductor substrate via an insulating film and eight memory cells are connected 
in series in the form of sharing the sources and drains by adjoining them to each other to construct 
an NAND cell. Such NAND cells are matrix arrayed to construct a memory cell array. 

[0048] 

The drains lining up in the column direction of the memory cell array on one end of the NAND cell 
are connected in common to a bit line via selection gate transistors, and the sources on the other end 
are connected in common to a common source line likewise. Control gates of memory transistors 
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and gate electrodes of selection transistors are connected in common as control gate lines (word 
lines) and selection gate lines in the row direction of the memory cell array, respectively. 

[0049] 

Fig. 1 1 is a circuit diagram of a sense amplifier and data latch circuit, a verification circuit for each 
bit, a batch detecting circuit, a precharge circuit, etc. on the side of subarTay ARY1 of core of 
column system, and Fig. 12 is a row decoder circuit diagram on the side of subarTay ARYr. These 
circuits do not directly relate to this invention and are same as in the conventional device. 

[0050] 

For example, a case wherein the write operation or the write confirmation read operation are 
alternately performed in time-parallel with respect to the word lines WLj n in the subarray ARY1 
and the word lines WLj \ T in the subarray ARYr will be illustrated. 

[0051] 

Fig. 1 3 - Fig. 15 are timing charts of major nodes in the first half of operations, and Fig. 16 - Fig. 
1 8 are timing charts of major nodes in the second half of operations. The write operation is started 
by making a chip enable/CE and a line enable WE from the "H" level to the "L" level. In this case, 
the write operation may also be started by taking a command for the write from the external of chip 
into an input/output pin I/O pin. 

[0052] 

At first, data are written from an input/output buffer into the sense amplifier and data latch circuits 
LA] i - LA n i for the subarray ARY1 via input/output lines I/O, I/Ob. Serial data are sequen-tially 
written into the sense amplifier and data latch circuits in synchronism with column selection signals 
CSLn, CSL21, ~ , CSL(n.i)j, CSLni by sequentially making the signals to the "H" level according to 
column addresses generated from a column address counter in a chip or input from the external as 
shown in Fig. 14. 

[0053] 

During the write of data into the sense amplifier and data latch circuits, a write precharge control 
signal BLGUi for the subarray ARY1 is made from Vss to VH + a, and all the bit lines BLn - BLni 
of the subarray ARY1 are precharged to an intemediate potential VH higher than the Vss- 

[0054] 

After the data are written into the final nth sense amplifier and data latch circuit with respect to the 
subarray ARY1, the write control signal BLCUi is made from the to VH + a, and the bit lines are 
discharged in accordance with the data written into the sense amplifier and data latch circuits. 

14 



FH 008978 



Namely, the bit lines of memory cells performing the write are made to the V^ (in case of "1" data) 
and the bit lines of memory cells not performing the write are kept at the intermediate potential VH 
(in case of "0" data). 

[0055] 

Subsequently, the selected word line WLj n is made from the to a write potential Vpp, the other 

word lines WL121 - WLisi and a selection gate line SGD{] on the bit line contact side are made from 
the Vss to VH + a. At this time, electron injection ("1 " write) is performed at the float gates by the 
memory cells made to the V^ and connected to the bit lines. 

[0056] 

Next, the write confirmation read is made by the subarray ARY1. Namely, the bit lines are reset to 
the V^ by making a bit line reset signal PRSTDi from the Vss to Vcc, successively the bit lines BLh - 
BLni are charged to a precharge potential Vr for read by making a bit line precharge signal PREBj 
from the Vcc to the Vss. 

[0057] 

Subsequently, the selected word line WLm is kept to the V^, the other word lines WL121 - WLisi in 
the same NAND-type cell block and the selection gate lines SGDu, SGSn on the bit line contact 
side and the memory cell source side are made from the Vss to the V cc . In this case, the levels of 
SGDu, SGSu may also be boosted to be higher than the Vcc. Thereby, the bit lines of memory cells 
not performing the write and the bit lines of memory cells with insufficient write are discharged 
from the Vr to the Vss. 

[0058] 

Next, the other word lines WL121 - WLigi and the selection gate lines SGDu, SGSn are returned to 
the Vss, and the write data of the sense amplifier and data latch circuit and the bit line potential after 

the write confirmation read are compared by making a comparison control signal CON! from the 
V ss to the Vcc. Namely, if the bit lines are discharged to the Vss, the write of memory cells is 
insufficient with respect to the memory cells performing the write because a write data node VRYn 
(Fig. 1 1) is the Vss, and the bit lines are also kept to the V^ in the next write cycle because the 
threshold voltage is not shifted to a desirable voltage or above in the positive direction. Then, the bit 
lines are not discharged to the memory cells that do not fully perform the write. 

[0059] 

Accordingly, the write is not performed with respect to these bit lines in the next write cycle. 
Moreover, the bit lines are charged again with respect to the memory cells that do not per-form the 
write from the beginning because the write data node VRYu (Fig. 1 1) is the V^. At this time, the bit 
lines of memory cells that fully perform the write and the bit lines of memory cells that perform the 
write from the beginning are charged to Vcc- Vth in the precedent write cycle. The V,h is the 
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threshold voltage of Tr. 1 (Fig. 1 1). 
[0060] 

Next, the write control signal BLCDi is made from the Vss to the Vcc and the information of bit lines 
is transmitted to the sense amplifier and data latch circuits, namely, the write data node VRYn 
becomes the only with respect to memory cells that perform the write in the next write cycle. 

[0061] 

Then, whether the whole write is ended is determined by the batch detection circuit. Namely, if the 
batch detection reset signal RSTINi is made to the and the batch control signal APCONi is 
made from the to the V cc , the condition of page write is transmitted to the batch detection read 
signal SENSEi. Namely, if the SENSEi is discharged from the to the Vss, one or more write 
nodes VRYi become the Vss and the write operation is continued. Then, all the write nodes VRYj 
become the V^, and the write operation is ended when no batch detection read signal SENSEi is 
discharged. 

[0062] 

In the description of this embodiment, the write operation and the write confirmation read operation 
are repeated twice by twice by the subarrays ARY1 and the ARYr, and the write is ended at the time 
that no SENSEi, SENSE, are discharged to the Vss. 

[0063] 

As described above, these operations are also performed by the subarray ARYr by shifting the phase 
in time-parallel while they are performed by the subarray ARY1. Namely, for the page load of write 
data, after the data are written into the sense amplifier and data latch circuits LAn - LA n i for the 
subarray ARY1, the data are also written from the input/output buffer into the sense amplifier and 
data latch circuits LA n - LA n | for the subarray ARYr via the input/output lines I/O, I/0 B . 

[0064] 

Then, as in the case of the subarray ARY1, all the bit lines BLu and BLni of the ARYr are 
precharged to the intermediate potential VH higher than the V^, after the data are written into the 
final nth sense amplifier and data latch circuits, the bit lines are discharged in accordance with the 
data written into the sense amplifier and data latch circuit, the write operations are sequentially 
performed as described above. The sequential operations of confirmation read, etc. with respect to 
the subsequent subarray ARYr are same as those of the subarray ARY1. 

[0065] 

Thus, like Embodiment 1, this embodiment enables to shorten the total write and erasure time, 
including the time of confirmation read operations, by dividing an array composed of NAND-type 

16 



FH 008980 



cells into two subarrays ARY1, subarray ARYr and simultaneously per-forming the write operation 
and the write confirmation read operation by one subarray while selec-tively performing the write 
operation or the erasure operation by the other subarray. 

[0066] 

Moreover, this invention is not limited to the aforesaid embodiments. This inven-tion was illustrated 
by an example wherein the memory cell array is divided into two subarrays, but the array may also 
be divided into three or more subarrays. In this case, the data write or erasure may be 
simultaneously made by all the subarrays or may be made by two subarrays. In short, the data write 
or erasure may be simultaneously made by at least two subarrays, and timings of the write operation 
or the erasure operation and the write confirmation read operation or the erasure confirmation read 
operation had better be shifted by the one subarray and the other subarray. 

[0067] 

Furthermore, the construction of the memory cells is not necessarily limited to the FETMOS type, 
and it had better be an electrically rewritable construction. Still more, when plural memory cells are 
connected to construct a memory cell unit, it is not limited to the NAND type but can also be 
applied to the NOR type. Besides, this invention may be variously modified and embo-died in a 
range where the purport of this invention is not deviated. 

[0068] 

[Efficacy of the Invention] 

As described above, this invention enables to divide a memory cell array into at least two subarrays, 
simultaneously perform the write confirmation read operation and the erasure confirmation read 
operation in time-parallel to the write operation or the erasure operation and consequently gives a 
nonvolatile semiconductor storage capable of high speed write and erasure. 

[0069] 

Moreover, this invention enables to make the data rewrite (erasure and then write) in a short time, it 
not only fully plays a role as SSF (solid state file), but also sharply reduces the test time before 
shipment and connects to the cost down. 
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[Brief Description of the Drawings] 



[Fig. 1] Block diagram of nonvolatile semiconductor storage with respect to Embodiment 1 . 
[Fig. 2] Diagram for illustrating slippage of timings of write operation and write confirmation read 
operation in two subarrays. 

[Fig. 3] Arrowed A- A' sectional view of nonvolatile semiconductor storage of Fig. 1 . 

[Fig. 4] Sectional view showing modification example of Fig. 3. 

[Fig. 5] Layout diagram of NAND-type memory cell array in subarray ARYL 

[Fig. 6] Layout diagram of NAND-type memory cell array in subarray ARY1. 

[Fig. 7] Layout diagram of NAND-type memory cell array in subarray ARYr . 

[Fig. 8] Layout diagram of NAND-type memory cell array in subarray ARYr . 

[Fig. 9] Layout diagram of NAND-type memory cell array in subarray ARYr . 

[Fig. 10] Layout diagram of NAND-type memory cell array in subarray ARYr . 

[Fig. 1 1] Circuit block diagram of core of column system on subarray ARY1 side. 

[Fig. 12] Circuit block diagram of row decoder on subarray ARYr side. 

[Fig. 13] Chart showing first half of operation timing of major nodes in Embodiment 2. 

[Fig. 14] Chart showing first half of operation timing of major nodes in Embodiment 2. 

[Fig. 1 5] Chart showing first half of operation timing of major nodes in Embodiment 2. 

[Fig. 16] Chart showing second half of operation timing of major nodes in Embodiment 2. 

[Fig. 17] Chart showing second half of operation timing of major nodes in Embodiment 2. 

[Fig. 1 8] Chart showing second half of operation timing of major nodes in Embodiment 2. 

[Description of the Symbols] 

Mni-MmnuMjir-MmnJ memory cells 
BLu - BLni, BL !r - BLnr J bit lines 
WLn - WI™,, WLi r - WL™ J word lines 
WLin - WLmgi, WLn r - WLmgrJ word lines 
SGSn - SGSmi, SGSi r - SGSmr J selection gate lines on source side 
SGDn - SGDmj, SGDi r - SGDmr J selection gate lines on drain side 
ARY1, ARYr J subarrays 
R/Di-R/DmJ row decoder circuit 
* LAn - LA n ], LAj r - LAnr J sense amplifier and data latch circuits 
10 J n-type semiconductor substrate 
1 1, 12 J p-wells for subarrays 

14 J p-well for peripheral circuit 

15 J n-well for peripheral circuit 

[Fig- 1] 
[Fig- 3] 
Row decoder 

subarray ARY1 subarray ARYr 
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peripheral p-well 

[Fig- 2] 

ARY1 write operation 

ARYr 
(a) 



peripheral p-well 



peripheral p-well 



verification write operation verification write operation 
write operation verification write operation verification 



waiting time 
verification write operation 



waiting time 
verification write operation 



write operation 



verification write operation verification 



verification write operation 
write operation verification 



verification write operation 
write operation verification 



ARY1 write operation 

ARYr 
(b) 

ARY1 write operation 

ARYr 

■(c) 

[Fig. 4] 
Row decoder 

peripheral p-well subarray ARY1 subarray ARYr 

peripheral p-well peripheral p-well peripheral p-well 

[Fig. 5] 
[Fig. 6] 
[Fig. 11] 



precharge circuit 



verification circuit 
for each bit 



sense amplifier and 
data latch circuit 



batch detection 
circuit 



[Fig. 7] 
[Fig.8] 



NAND-type 
memory cell 
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[Fig. 12] 



bit line contact 



[Fig. 13] 

row address 
column address 
[Fig. 14] 

[Fig. 15] 

[Fig. 18] 

[Fig. 16] 



row address . 
column address 



[Fig. 17] 
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